In this paper, the dynamic performance of BLDC motor fed with SPV array using MPPT algorithm such as Perturb & Observe and Incremental Conductance methods are analysed. The PV array is subjected to varying conditions of temperature and irradiance during its working. The output of SPV array is fed to BLDC motor through DC-DC boost converter to produce maximum output using MPPT algorithms. The dynamic variation of irradiance and temperatures were imposed on to the PV array which produces dynamic variations in the output produced by PV array. This variation in PV output is imposed on to the BLDC motor drive through DC-DC converter, which affects its dynamic performance and hence the life of the motor. This analysis has been done using MATLAB/Simulink 2018b software and waveforms were plotted.
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(+) (-) V I D Hb Hc S1 S2 S3 S4 S5 S6 PV Array Fig. 1 : Block Representation for Proposed System Topology. DOI 10.29042/2019-5889-5894 The Proposed System: The block representation of proposed system is shown in below Fig.1 consisting of SPV array, DC-DC Boost converter, Commutation circuit and Position Encoder and three phase BLDC motor. A DC-DC Boost converter is connected to the source side of the solar panel in order to intensify the output voltage by varying the duty ratio. The duty ratio fed to the DC-DC converter is simulated in accordance to MPPT algorithms used to get the maximum power operating conditions. A commutation circuit is used to excite the phase windings with respect to rotor angular position of BLDC motor. The position encoder encodes the rotor position using halls sensors signal to activate commutation signal for the effective operation of BLDC motor of proposed topology. Solar Photovoltaic (SPV) System A SPV system consists mainly of a PV panel comprising of PV cells, whose role is to instantly convert the total incident solar energy into electrical energy.
The equation governing the voltage and current produce by a PV cell [15] 
Where, Is : is the diode inverse saturation current, q : is the electron charge, K : is the Boltzmann constant, Tak :is the cell temperature of PV (in Kelvin), A : is the non-ideality factor of the junction layer.
DC-DC Boost Chopper Converter
For obtaining the maximum power from asymmetric solar PV modules, adaptation has to be done in between PV panels and load. This is carried out by DC-DC converters which are regulated by MPPT algorithms. A Boost DC-DC converter topology has been chosen to step-up DC voltage levels as required by 3-ɸ inverter to run the motor load which is shown in Fig.2 .
Fig. 2:
The DC-DC Boost Converter Circuit. In the circuit, the MOSFET S1 is turned ON through the firing pulse developed by MPPT algorithm, so the current flow takes place via the inductor (L) which makes it store energy. The stored energy in the inductor will develop a voltage across it, which gets added to the input voltage, when S1 is turned OFF. Now, the voltage input and voltage developed across the inductor are in series and together charge the capacitor (C) to a voltage greater than input voltage [16] .The above circuit can be design using the differential equations shown below [17] . The duty ratio, D of the switch S1 shown in circuit can be calculated using below equation (1) with input and desired output voltages, Vo and Vi respectively:
The inductor value is chosen considering the allowable current ripple for the maximum voltage is given below:
Where ∆ is permissible ripples in inductor current and for current continuous mode the value of inductor is calculated as:
The value of capacitor is designed considering the ripples in output voltage, which is given in equation (4):
Where ∆ is preferred ripple in voltage output with supply frequency of operation ( ) and at output load ( ).
Commutation Circuit & Position Encoder
A DC-AC inverter circuit is used to convert DC power form SPV into AC power of required frequency and voltage with IGBT switched configuration. A steady output voltage with reduced harmonic distortions can achieve by controlling power provided by the DC source by an inverter [10] . The Position Encoder is used to develop the commutation sequence in order to control method the semiconductor switches and to synchronize phase between inverter DC input voltage from PV panel and BLDC motor [11] . MPPT Algorithm:
The variations in irradiance level, panel temperature and V-I characteristic of solar PV array, led to variation in MPP, (as it is the function of, level of irradiance, ambient temperature, efficiency of the heat exchange process and operating point of the panels). It is essential to track regularly the MPP to enhance the output power from a solar PV system, for the considered operating conditions [12] . The MPPT can be achieved by different approaches like fuzzy logic, neural networks, pilot cells and DSP based implementations which have been proposed in [13] [14] [15] .
A regular solar PV panel has 30 -40 % conversion efficiency, of the available solar radiation to electrical energy. Hence MPPT techniques are utilised to enhance the efficiency of PV panel. According to maximum power transfer theorem, the output power of a given circuit will be maximum, when the source impedance of the circuit becomes equal to load impedance, so by this concept the maximum power point converges to a problem of impedance matching. Hence Perturb & Observe (P&O) and Incremental conductance (IC) MPPT algorithms are mostly used along with solar PV system to enhance power generation under every atmospheric condition because of its ease of implementation. 
Perturb and Observe Algorithm
In P&O method, the algorithm for MPPT is focused on the calculation of output power and changes in output power by sampling both, the PV array voltage and current. The tracker observes variations in voltage (∆V) and the voltage of the PV panel is incremented or decremented periodically. If the perturbation gives rise to an increase/decrease in differential change in power (∆P) of PV array, then the consequent perturbation is developed in the same/opposite direction [16] . The variation of duty cycle fed to DC chopper is continuously changed until the maximum power point is achieved. This variation produces oscillation in system which can be diminished by decreasing the step size of perturbation. For various values of solar irradiance and temperatures, the PV array show diverse PV characteristic curves having different maximum power point. The voltage value at point where maximum power corresponds maximum voltage in the curve is supplied to the DC-DC converter for its operation. The above figure depicts the P&O algorithm for MPPT.
Incremental Conductance Algorithm
In Incremental Conductance algorithm, both voltage and current values are considered for comparison among change in conductance (dI/dV) and instantaneous conductance (I/V) [17] . As soon as, the maximum power point is achieved the following basic conditions are satisfied: = 0 (5) > 0
< 0 (7)
The dP/dV is the identification factor of maximum power point which tells us the sensitivity of tracker to fluctuate either right or left of MPP curve [18] . = − (9) Until (dI/dV) + (I/V) = 0 condition is satisfied, the MPPT adjusts the switching signal of DC-DC converter for proper conversion. Here, the error caused by variations in irradiance is also removed [19] . The flowchart of incrementalconductance MPPT algorithm is shown above in Fig.5 . Both algorithms were used to stimulate the proposed topology model and waveforms were plotted.
Simulations and Results:
The overall proposed simulink topology as shown in block diagram of Fig.1 has been simulated and MPPT algorithms are coded with help of function block in MATLAB 2018a version. In the simulation runtime of Simulink, at exactly half of the runtime, a change in irradiance and temperature has been simulated to observe the dynamic performance of BLDC motor drive and the DC-DC Boost convertor which is controlled using I.C. and P&O MPPT algorithms. The below figures show the output voltage, current and torque for irradiance varying from 600 W/m 2 to 1200W/m 2 and temperature varying from 25 C to 40 C for a SPV system working with a boost converter using P&O and IC Algorithm. The system has been designed for a duty ratio of 0.66. Hence the input voltage of 75 V has been increased to 220 V under standard conditions i.e. 1000w/m 2 irradiance and 30 C temperature. It can be observed from the results that, the output voltage and current from boost converter, in case of I.C. method is as per the requirements of the BLDC motor and has fewer variations than that of P&O method. The torque output of the BLDC motor is more pulsating in nature for P&O method than that of I.C., which produced smooth torque. The dynamic change in temperature and irradiance has much effected in the case of P&O method than that in the case of I.C which is depicted in the below comparison 
Conclusion
It can be concluded from the above results that the I.C. based MPPT algorithm has produced better dynamic performance in the case of solar PV fed BLDC motor drive than that of P&O algorithm. The BLDC motor drive performance can be much enhanced by implementing a proper commutation and torque control methodology. The same analysis can also be done in the case of other DC-DC converters available.
